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(57)Abstract: 

PROBLEM TO BE SOLVED: To simulate the formation 
of prescribed organ of a living body. 
SOLUTION: A classifier system layer 101 is composed 
of eight classifier systems 111-1 to 111-8 respectively 
corresponding to eight cells R1-R8 of ommatidium and 
these systems execute the simulation of specified 
relation (rule) of genes in the respectively correspondent 
cells. A mutual operating layer 102 executes the 
simulation of mutual operation between cells. A diffusion 
layer 103 executes the simulation of diffusion of protein. 
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DWft^S] vis? 7 J 7 is 7.7- KM 1 0 1 « % m 

m<D 8 ^©wiia r i nm r 8 tc^n^e n^js-r s 8 -p<d 

^7->77^7->XtA1 1 1-171S1 1 1 — 8 J: 
' a. U—> a ^tfTtSo ffigtyl 1 0 3 tt, MfiH© 
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stfie7 r ^ * ©k^©^ ^ a u- a yzmfit z> m 3 

- y \Z ftlfZ 7 7 2 5< <Dm& t y 5 a U- i/ 3 y £ fclt 
HufeStH^St<i;'9MEtli^ti/cMI2a/h2^MM^. r)t 

^(DBtgij t iaoif5fii>mm'b2mwMts t - it 

tul2Jt^?fS(c J; 3 ItRISSK: WIS b T , iuie;U-;l/£ 
M$nr£,H0T^&£:£2 6 £<Ix. 3 c fe ZftMtt £ ft 

asao'tt n$mfim \as^r, 
mm<D)i->iic'&-3 zfflMfticmfz 7 7 * *w ©as 

kst5«i§h©k^©^ a u-^3 yzmiitzm 

Mm7 7?Z (DW&fDis = a U- 3 Jiff T ?> H 3 

So 

ffXx7 7i:, 
2©^ff7.x->7i:, 

MIB7 7 * * cDJSMfeco^ 5 a b- y 3 yzmir? 3 
5 n y M a - £ tm&®L K) "IhI^ 7p ^5 i±%m Vk? Z> 

[0 0 0 1] 
[0 0 0 2] 

£JB 0H9D fc*©ii{fc<Dli31H*S5o 
[0 0 0 3] 



(2) ^2000-163398 

2 

[0 0 0 4] *fSW«:c©J:33S:«8iLt«*Tft«nfc 
tCT*2B0, £f*©m^©^©ffM©v'^ab->'3 

10 [000 5] 

aS«fi, 3i^o;U-;l/fc^o TfflSSrt fcfctts 7 7^ 

mt, mmtzmmmcDfcj&tDy-i.i'-yayzmfi 

[0 0 0 6] W*®3K85KOffiH8j8!ffl^}Sll, Br£0 

h-Mzfe-o x mmmasiiz 7 7 * ^kokjs<o-> 5 
s«iara<ofiiS©'>5 a u-i/ 3 :y£HtT-f 3$l 2 on 

tTX-r-y7i:, 7 7 ^ £ cDt£$W» 5 a U-i/3 

[0 0 0 7] W#E4 »Cfc«©H#«#ti\ fS\%<D)V~ 
MC'&?TMM\H\cmT%7-7<7$m<Dfcfc<Dy~3Lls 

-~yayitmfi?z>micDmfixTv7t, mm-rzm 

TV7°t, 77t2<DW&<Di/%^\s-i/Byltmi't 

[0008] i ici2ic<Dt»«aan, »^3 

fttfeV^Tti, «rttCt5tT5SJS©->5ab—>3 

»<D2/5 a U—y 3 ^HtT«tl5. 
[0 0 0 9] 

L^ii c <omm^ ^a*ge« t ^ t, © tis^-r « c 
[ooio] flt&g i tia«fiDitfSMasMfi. rit^o 

;U-Mc^oT»F*3tCt3lt577^^F^©SJS<0i>'^ 
a ]s-fa>%nft+zm 1 cDHff¥S (Miff, 0 2 

kd^7->77^7->xtaiioi) fc, RS-rsin 
flaiaoEJSos'Sa >^ntf"r?.S2oiitf^ 
50 15 (»j*tf, 02 \(ommmm\ 02) 77^^ 
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[oo 1 1] wst<^2(cje«oifaiMaSB(i, niso 

HIS K i 0 If 6 n -9" f >W \9 - y \n 43 If 3 7 7 * * 
©Zifi i: -> 5 a U- > 3 > JC Jo^ § 7 7 7 £ © zSg©« 
/J^2SMg*gtB-r?.gffi¥g (#J;LJ4\ i24CXf 
■v7°S2 1) Jfa^gte«fc!)Jia;£nfcS/h2llt81 

if, 02 2 2) i:, J±«*a»c«J:SH:« 

[o o 1 2] 0 1 a, *%m*mm Lfcit mmwmmv 

T, rtgfl^Xl 014, flfl^UfPCI (Peripheral Componen 

t Interconnect) %fcltU— t>)\/A7M\Z H 

ft, CPU1 1, ROM 1 2, RAMI 3, *3it>V>^7i- 

Ofc^LTx-^Og^fHo CPU1 H4, R0M1 2 
iBm£nT^57W7A{CftoT->5aU-i/3;/£ 

HffTSo rami 3tct4, cpu i i ff&aofflsfcuffr 

n§o -i^7i-X l 4(cf4, #-Fl 5£v7 
1 4(4, *-#-Kl 5$fcl4^77. 1 ej^tfc^ft 

rcs^ffl^cpui lKiu^n. ffc, -f^7i- 

X l 4£J4, 1 7 i:^-FfVX* 1 8A^gfit* 

nrvSo i 7(4, cpui ucfflfflzti, ffifev 

HftfcasvrSo CPUI U4, M-KxfX^l 8fc*f 
LT, l'y^7x-Xl 4^LTT f -^*fcl47'P^ 

[0 0 13] 56^^lCfc^Tf4, tiffltLT, 
v-a^^aWl (Drosphila) #£<fl?ve.ft3o -> 
3 7S>3 T'^< fflt>&ft§©{cf4, I/ 1 

->3 7->'a ^/tt*->5a U-->3 yOtf^i: LTffl 

©»$£:& OS) OMAWIltSnSc 
[0 0 14] ff, UTfcJsi^T, 3 7^3 7/Sxo 

[0 0 15] 0 2 J4, 7^*3 9^107-17^7 
;t/*5VfeiT*5, ->3 7v , 3 7^x(4, 
T\ 40OI8& (molt) £ff5o ->3 7->'3 7^X(4£ 
-f, E (embryo) (1st instar) (CfgW 
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U £2lS#)£ (2nd instar) £&3fc#KgS]OflK£ 
5It5. «l^T\ Jg28S#j£fr5Sfl3f§&#J± (3rd inst 
ar) fcfc*ifca&fc2@@<Z>flftfe*fTV\ 
^fT-9i! ttcifj, -9-^ (pupa) t&3 0 *LT, -9- 

<DU& \c &^ T, Si ^fcfflflS Si L 6 stns 

LT, c©ffi^$fc#£ft£lliflOi&£fci:D, S^St 

10 [0 0 16] •>3 9> ! 3 9^XOM^LT, M (x 
tT-r/l/^X) (epidermis) t, ^©FWJfCjfM^ftT 
fr=L-7-4 9M (cuticle) i/3 
7^3 7/^XOKffMtCfcl/^T, Jj££©epidermist& 
SftffitlH (precursor) 14, ffiOttfS-TSftltfrSft 

^nriinr^<„ co^&om^ogpiut&s^fi 

Srlmaginal Disc i^tSo EISA'S 

©ISHItfel^T, Imaginal Discfc «fc tf abdominal histo 
blast (ISgPffl^liailiSM) 54, ^Li/^Oilg^rg 
3„ CO Imaginal Disd4, 5Hg|5, S^SP, *5<fctffl.gP£ 
20 SlSO^SWiiftifi&^-rS. Imaginal Discf4, ffi 
Oep i derm i stfffi A L T t5 ft»Oft« i: * § lc 
Jin, tt£<OfBSonic|niB^S«fT 5 c i: tc cfc 5 MS# 

At<^So f!l^.(4, ^KKOffS^, J]S|gflOepidermi 
sO^fig* if ©Imaginal DiscOJgjK^fiKti, -99-^Ot*; 

[0 0 17] •>3 7->"3 7^It(i > 1 0aaO±^Im 
aginal Disctf^ft-f ?>„ 0 3(4, ^tfettSImagina 

i DiscoffiBt, ^n-rnt^js-r-s^ogpfii^^L 
Tt>5o cn5»of-vx^(4, ^ft^A (ffigp^n 

30 <) £:, 45i«Jt^0fi)c1-Sgenital disc (£SM8) * 
SS-TSo fiU MgPOepidermis(4, #j£©?g{fcg§§ 

ic3*ffi-rsis«t^ffi-r5fiaus«ei!a (histobiast) t 
■Ti.fteoffl^ii«o«i4, ^so*rt§g^^«^f 

[0 0 18] Imaginal Discfi, SffeKWftLfett^Oe 
pidermisO^gPW^P* t UT58I^" § C t A^T'^ 3„ 
->3 7^3 7AxOgT/clcjB > fl:L/c, ng (MBS) , 7> 
x9", ^, ¥±^<i, JE, fe«fctf£St8S<E>£«»cB;, *n 
40 ^*n7 0, 3 8, 2 0, 3 67bS4 5, *54:0*6 40*ffl 
jBA^SnTV^So Imaginal Discti, -^OBfP^Tl', 

l^<o Imaginal DiscO^, ftt A^l^feO(4wing di 
sc C^fi) Tfet), leg disc (K«) ^haltere (¥^ 
£) discAM 73fflO«^*LTl/^OleWLT, en 
14 6 )JIO«?:ixtV^„ 
[0 0 19] '>3 7v ? 3 7Axo»li5i:%5<Si:A,i:0 

50 A^, Distal-less fcfS5-r*afi?<MKi-«f», SOlgSO 
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[0 0 2 0] 0 4&, i/aWaVrtx-ORE QfkM) K 
$5l;r<l>wing disc, leg disc, &cfcc/haltere discCDSS 
mZ^LT^Zo C<D0!l£fc^TfcJ;, WSOftfPfc&S 
SP#K> ^n-^nOImaginal Disc#EB£nTV3„ 
&}S, Tl, T2, 43<fct>*T3«s ~>a ?S>3 ^X© 
6KCD a %©;fefl!l® 3 J&fc ftJS-f 5 leg discfc^ UT^ 

iBlCfc, wing disc, leg disc, feitfhaltere disc*' 5 

[0 0 2 1] <KD£5lc, iya^^a^f^(OHm^ 
Imaginal Disc J: Dftiit'So Imaginal Disdi, M 

iffll»±, ^n^nfflBijKflllS^nTC^So Imaginal Dis 
cCDwffiMMlt. homeodomainCDaaK^xyn- Kf £ 
fflOlfflia^cDff^? (signaling molecul 
e) t L TChedgehog^jfcf 5 <fc 5 K L T I ^£ eng 
railed*, ««Wfc:5&Si2-eSo 
[0 0 2 2] 0 5te, leg disc<DWM%iffif$.*&Li:^ 
Z> 0 (WI0cOfei)lC^$nTt^legdisctt, JStgfRE© 

©feffllK^-ridftJE^fcaSlULTV^o leg disc©* 
>bmt. £©*iS (Distal) fc&5W#t?fcSo %Tc. 

§ gP#£ i: T § R^tf© 1 eg d i sc^ira^ffft LTV -1 
[0 0 2 3] Imaginal Disc©fffttt, disc©M»fflf& 

EBsnT^s. coespkaih:, stfiosflia^soPfg 

[0 0 2 4] i/g^g^XOleg discT'li, £81© 

*3*LTV«. COWtfe^Ttt* (Gene) lc 

*fLT, -^©BS^ (Symbol) ^ntf^STSlSBr 
(Cellular location) tfiZftZftttJSftlfZftT^ 

^©g0£&3»{5? (Transcription factors) , ffl 
Bi:«BOIIIt*J*J««^OfiailcHfe*aef (Liga 
nds) , *ij;tf*-©ffi©jl£? (Other) ©3 0£;Wt 
SCI ttfiTZ&o Cellular locationl^^T, n 

ucleaHJ, Ma^rtgPfCfcft-f 3 £ i:£^L, secreted 
t±v IM&frS#ifcSnSCi:*:a*U extracellu 
lar and cytoplasmic^, SfflSSMtC^ftTS d 

[0 0 2 5] 08f±, leg discfcfcltS&iHE^O&il 
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leg disctHi, fugp (anterior) -f£gp (Posterio 
r) ffitHgp (ventral) (dorsal) tt*^«)6tl 

TI/^„ £©Wc:f3^T, engrailedtifo-fSSfc?^ 
ubitus Interruptusi:^-r?.Jtf5?{±, ^tt-fftSJltB© 
K©leg disc©&SP (08 (a) ) htugP (08 

(b) ) KKS-TSo tt^JStft"*"* fcfcfcfc* hedgeh 
ogi^tSjUS^tf, 08 (c) ^-r«t9t, legdis 
cO&gPfcfSSU hedgehogOSSWi, MgP<OfflSai: 
10 KJSL^o decapentaplegicfcft-^iHc?^ 08 

(d) fC;f;-f leg discCQ^gpwSl^lCJin, wi 
nglessfcfWSitfcftt, 0 8 (h) lc*?& 5 Kffigp 
OMiSKSnSo fiJtfiLfcK©leg dlsc^MBtJEft 
SDlstal-lessfcftJ-TSae? (08 (f) ) ti, « 
tfSKflH/^U *©ttfe»)K, 08 (g) £^f<fc 
?tc, leg discOlwfPOtgiifC, escargot^fTf 3iI{S 
7-&%M?Z 0 ■?" LT, Distal-lessilescargott^S 
tl5 ffi«Tdachshund tffi>~tZ> mttWmL? Z> (0 8 

(e) ) „ 

20 [0 0 2 6] cubitus Interruptusti, Imaginal Disc© 
i8gPT58Sif 3 d ^gPT-ttengrai led© 

^tCcfctlftlflJ^n^o ^SWtC, Imaginal Discti, 
MS4:»g|50200fS«lC^ffl«nSCi:ICftSo engr 
ailed£DStt{k(i, tygPWi:mgP,W<D^©^M 

(D~Ua^<'^r>lC^tlX^^ a cubitus Interruptu 

s«, m& : ?(Ditem<Dnm£%5> rciiau ichut^s 

afcf-TfSSZn-fingerOgaUfcffiSLTVSo 
[0 0 2 7] ^SlS^i-COleg disctCti^T, wingle 
30 ssli, decapentaplegic*Meg disc<DMSPi:^gPO^W 

gPS<9t, <-$X}miC%Mt%o $fc, decapentaplegi 
cfi, ffigPdfMtfc^T, wlnglesst«fcOS5SA^Si6 
5>tl§o wingless i:decapentaplegic(i, fe§1$^©ffl 
l^fCfe^T, IBStf^ffl-rSo winglesscDfg^ 
fi, leg disctCfcl/^T, decapentaplegicO^Il^SlSiiJ 
t, decapentaplegicOfg^te, wingless©%S^W3?J 

■r§ 0 cnicto, leg disc*"!, ^HfttMBommcft 

S<J?n, *5;WSSP (chiral appendage) ^5§4$-& 
40 5©t^Sft!figp-MgPW*#0ttl-r<: fcffftS. 
[0 0 2 8] 2 0©a^6 (criteria) i'a'J^a 1 ) 

Tw i ngl ess t decapent ap 1 egi c^r^KT %> fc J6 tC fl| t "> P> 

nr^So cn^ti, Bjgwtc fro, gsggt$BHT\ 

[0 0 2 9] T. LecuitilS.M. Cohenfi, Imaginal DisclC 
50 1 ess i: decapent apl eg ictDiig-a-f^ffl^r^L/Co leg disc 
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©80SP-«s»iit»oT, f-n^noaufifc .togas 

Owinglessi:decapentaplegic(i[5lB#{c^fflt"5 £ £\z 

[0 0 3 0] 09fi, leg disc©H8P-K8WM3«J:tfl£ 
gP-WSPWt*5lt5winglessi:decapentaplegic<D!afJ 
^^■^*0TS5o iHlHt^oVT, winglessi:decapentap 

legic<Dfggtt±, f-n^n, n&©as»fc}»v^Rfto* 

#T*£5o 09 (a) t^"fJ;dK, winglessildecape 
ntaplegicO^x-. GE5JS) l£#c#bT^ 10 

SDistal-lessOfSlfi, <m6#S8rr3«« (leg d 
isc0>cfi&ft&) T~£U3o iinS»©iBSti, leg disc 
«VI^I/"»t*©«2ltt&ttlCfe^T«n*. 09 (b) 
tt, Distal-less OThresholdffiT?wingless<D*{C 

(»^Kfe©gfc» o etui, MStfi^gpoPa^flSl 
LT^So 09 (c) t±, winglesslc?g14{t;£ft, deca 
pentaplegidcjJWJ^nS, Histonel5 tfot SUB??) 

[0 0 3 1] SH<D'>3^^3^/^X(Dleg discti, 1 20 
-i/3yiCfel^T{±. leg disc*WTO«fc o 

(1) mn(Di'3Vi/3'}Ax.<Dm3ffii}]±icistfz 

leg discte, f&17jffl©fflB&*#LTV-»*ft\ 
1 2 6 lfflfcH^T^c 

(2) HBE©leg discOilWlBt4»S-r«*<» 

[0 0 3 2] Sfc, ^^SaU-v-s^tCtSV^Tti 30 
if«v'3^i/3^^XOIlcDEfig<D^-&t-&€y) , 01 

#Sb%t^©ti-^o cmc«fc»K looaid |p|* mii 

. -Y affinity a xU a ^ 

P(a)-S' 1 



[0033] i*ti>\z, m-ommmfrzn, mmm 

( 1 ) MM&OlE&M&Ttfm (Ribonucleic Aci 
d) icfe^^tlSA^ 

(2) M&&<D'&&??&*)1fiM2nrzm<D ; b-Z<D£ 
<DRMt>\ mRNA (messenger RNA) t LT> SffliSKttitA 

(3) ifflB&St©mRNA©o%©£©mRNAtfgeg'\£® 

(4) ifogajtA^iiarttao, *fcBfiuBf-&fr 

[0 0 3 4] (Transcription) fct, 

— £ (promoter) tWfSlg^* (affinity) i£fnf 

^OpromoterfCJ: "3^{C^0 : O< CfctfTfi, & 

onoterKlStfoSrJHKfcS. LT, ffi^OgaKtfBr 
/SOjUE^OpromoterlCiigtf O < C £ fC «fc t> > ^^itfi 

[0035] cct\ ae?©56s*ffi-r cettft-r 

5) 5I9I5:7^f-i'^- £ (activato 

Uy-tf (repressor) ($fcfcj>f (inhibito 

r) ) tw$% 0 01 nc^-r<t^tc, Rfr^oit 

g^X (geneX) fcflLT, SaHa (protein a) A" 5 
activatorTfe gaHb (protein b) ^repressor 
T*&* fcOfc-T* ga« a tfjl£?X<DpromotertC 
HS^f5St*P (a) tt, WToST«-rci:««-p* 



affinity a xu a +affinity b xu b 



[0 0 3 6] S (1) ttJ^T, W tU b tt, Zft? 
tl, promoterta*>jfiSbfc^RfTt*5^5gaHa i:S 
a«b(DMJ2^Ls affinity. fcitfaffinityUi, % 

-So 

[0037] sfc> a^x©»sfi» ^^ae^fg 

SaKTfe § act i vatorO!S-&* P (act i vato 
r) tfi (Ml Ifila^fP (a) 

m , tf£<DHfig (Thresholds ) fcUrfcftofcfct? 

P (activator) JSThresholdgmrf • • • (2) 
[0 0 3 8] ae^Ofi^O^OffiO^A-XAfcLT 
tt, »Kfk (phosphorylation) 



[0 0 3 9] mRNA<OJi?J? (Translation) liiSt'S 

^FJT^OmRNA (exsting mRNA) (DrSttft^ mRNAA^o" 

ib—>3>tfcl>Tti, mRNAtt, ggjWtffllR^n 

[0 0 4 0] CPU1 l^Salz-i/a^fin 
/cfeoyn^ili, At<^HtT2 0(D->X-rAt<fc 

xAi:^-r§) a, gan<oss*«tt?ffi;i[%^-rs-» 
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*'tt?~7u>?=7LT-tb*). %Z<DfU^L OUT, m 

ambit, znznmmzm&zn-zto 
<o, cpu 1 1 K&*)imzt\z>o 
co o 4 1 ] a 1 2 tm^^y-hommmmmi 
*^t»i^ny^aT»5. tti^f^u, sine 
rtfcfctfSFactor (gas) ^cDSjs^tmrs ?7-> 

77'f7i/XfAI (Classifier System Layer) 1 0 

(Interaction Layer) 10 2, fe<fcU\ gSH<Dffig[ 
*9Wr5t£S» 1 0 3KJ:!)iJS«nT^5. 

77-f7->x-fAigi o i ffl^o^sam^-rs^ 
co * 7 f7 r -f 7 ^>xx At^iLt^mm fcWjtt? s j: 

[0 0 4 2] ^=7i/yr^7i/7,TLM 1 0 Hi, « 
So ffiftJl 1 0 3lt ^7->7r^7i/XfAI 1 0 1 

[oo4 3] mm&Qftmtizm&mi.. mrnmcm 
a i o 3 iiBiiaj: t)»»«nsseH<Dffl:»*WTo 

S£ffll>Tfr3l7rSo 
[»2] 

adjacent 

Ucurrem- 2 DX(Uadjaoem-Uourrent) - • • (3) 

[0 0 4 4] 5$ (3) IC&t^T, U-» i:U 

[0045] ffls^fflii i o 2(i, mm?zmf&m<D&. 

[0 0 4 6] *~>~ab-->3 >tfcl>Tti, 4 

=gasfs<9£is+tefft+MS • • • (4) 
[0047] cvw&mvmmrsvmmmttt. mt 
{ks/xrAiCcfcOv 1 7±tca^$n?> 0 cni: 
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-fSdfctfT-tSo 

[0 0 4 8] |131i, SiHE^OfBSMfcfcjST-f- 
7;l/^LTV>5o CCQHKfc^T, jat^^nTI/^ 

ngless (wg) (i, Distal-less (dll) tHistone 1 5 (H 
10 15) left LTteactivatori: LTiK tt\ decapentapleg 
ic (dpp) tftLTti, repressor t LTWi< £ tii^cE 
tiTV">S 0 

[0 0 4 9] ^7->77'f7>'XfAI 1 0 Hi, JUS 

? «t ifHgi?©ag%a LTt# s ns naacozi 
(i) , (2) i'ffli^ns. 

[0 0 5 0] tlMffc^XxAtt, i/?al/-i/3>Ol 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The information processor characterized by having the 1st activation means which 
performs simulation of the reaction between the factors in intracellular according to the 
predetermined Ruhr, the 2nd activation means which performs simulation of the reaction between 
the adjoining cells, and the 3rd activation means which performs simulation of diffusion of said 
factor. 

[Claim 2] A calculation means to compute the least- squares error of the concentration of a factor in 
the sample pattern obtained by actual experiment, and the concentration of the factor in simulation, 
Said least-squares error [ in / for said least-squares error computed by said calculation means / the 
predetermined time of day t ], The information processor according to claim 1 characterized by 
having further a comparison means to compare the least-squares error in time of day t-1, and an 
updating means to update said Ruhr corresponding to the comparison result by said comparison 
means. 

[Claim 3] The information processing approach characterized by including the 1st execute step 
which performs simulation of the reaction between the factors in intracellular according to the 
predetermined Ruhr, the 2nd execute step which performs simulation of the reaction between the 
adjoining cells, and the 3rd execute step which performs simulation of diffusion of said factor in the 
information processing approach of an information processor of performing simulation processing. 
[Claim 4] The offer medium characterized by to offer the program which the computer which makes 
an information processor perform processing containing the 1 st execute step which performs 
simulation of the reaction between the factors in intracellular according to the predetermined Ruhr, 
the 2nd execute step which performs simulation of the reaction between the adjoining cells, and the 
3rd execute step which performs simulation of diffusion of said factor can read. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to an offer medium about an offer medium 
in an information processor and an approach, and a list at the information processor and approach of 
having been made to realize simulation of the predetermined pattern formation in a living body, and 
a list. 
[0002] 

[Description of the Prior Art] the thing, the organ, and the organic function in which developmental 
biology is learning which analyzes the main phenomena of generating in a living body (living thing), 
and solves the mechanism of generating of a living body, and a molecular level, chemistry level, a 
cell, or it was organized — it deals with the problem of ecology (environment) and its evolution 
further. 
[0003] 

[Problem(s) to be Solved by the Invention] Although the main phenomena in a living body's 
generating are analyzed genetically, the network used as gene expression or its foundation is 
complicated, and this complexity has barred an intuitive understanding of a living body of formation 
of a predetermined organ. 

[0004] This invention is made in view of such a situation, it enables it to realize, and it has the 
simulation of formation a living body's predetermined organ, and enables an intuitive understanding 
of a living body of formation of a predetermined organ. 
[0005] 

[Means for Solving the Problem] An information processor according to claim 1 is characterized by 
having the 1st activation means which performs simulation of the reaction between the factors in 
intracellular according to the predetermined Ruhr, the 2nd activation means which performs 
simulation of the reaction between the adjoining cells, and the 3rd activation means which performs 
simulation of diffusion of a factor. 

[0006] The information processing approach according to claim 3 is characterized by including the 
1st execute step which performs simulation of the reaction between the factors in intracellular 
according to the predetermined Ruhr, the 2nd execute step which performs simulation of the reaction 
between the adjoining cells, and the 3rd execute step which performs simulation of diffusion of a 
factor. 

[0007] An offer medium according to claim 4 is characterized by to offer the program which the 
computer which makes an information processor perform processing containing the 1st execute step 
which performs simulation of the reaction between the factors in intracellular according to the 
predetermined Ruhr, the 2nd execute step which performs simulation of the reaction between the 
adjoining cells, and the 3rd execute step which performs simulation of diffusion of a factor can read. 
[0008] In an information processor according to claim 1, the information processing approach 
according to claim 3, and an offer medium according to claim 4, simulation of the reaction in 
intracellular, simulation of the reaction between cells, and simulation of diffusion are performed. 
[0009] 

[Embodiment of the Invention] Although the gestalt of operation of this invention is explained 
below, it is as follows, when the gestalt (however, an example) of operation [ / in the parenthesis 
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after each means ] is added and the description of this invention is described, in order to clarify 
correspondence relation between each means of invention given in a claim, and the gestalt of the 
following operations. However, of course, this publication does not mean limiting to what indicated 
each means. 

[0010] 1st activation means by which an information processor according to claim 1 performs 
simulation of the reaction between the factors in intracellular according to the predetermined Ruhr 
(for example, KURASHI fire system layer 101 of drawing 21 ), It is characterized by having the 2nd 
activation means (for example, interaction layer 102 of drawing 21 ) which performs simulation of 
the reaction between the adjoining cells, and the 3rd activation means (for example, diffusion layer 
103 of drawing 21 ) which performs simulation of diffusion of a factor. 

[001 1] A calculation means to compute the least-squares error of the concentration of a factor in the 
sample pattern obtained by the experiment with an actual information processor according to claim 
2, and the concentration of the factor in simulation (For example, the step S21 of drawing 24 ), and a 
least-squares error [ in / for the least-squares error computed by the calculation means / the 
predetermined time of day t ], It is characterized by having further a comparison means (for example, 
step S22 of drawing 24 ) to compare the least-squares error in time of day t-1, and an updating means 
(for example, step S23 of drawing 24 ) to update the Ruhr corresponding to the comparison result by 
the comparison means. 

[0012] Drawing 1 is the block diagram showing the example of a configuration of the information 
processor which applied this invention. In an information processor 1, the internal bus 10 was 
constituted by PCI (Peripheral Component Interconnect) or the local bus, and has connected CPU1 1, 
ROM 12, RAMI 3, and an interface 14 mutually. Each part delivers and receives data through this 
internal bus 10. CPU1 1 performs simulation according to the program memorized by ROM12. In 
RAMI 3, CPU1 1 performs various kinds of processings upwards, and required data, a required 
program, etc. are suitably memorized. The mouse 16 is connected with the keyboard 15 and a user 
can set a parameter etc. to an interface 14 using these. An interface 14 outputs the actuation signal 
outputted from the keyboard 15 or the mouse 16 to CPU1 1. Moreover, the monitor 17 and the hard 
disk 18 are connected to the interface 14. A monitor 17 is controlled by CPU1 1 and displays a 
predetermined image. CPU1 1 can perform record or read-out of data or a program through an 
interface 14 to a hard disk 18. 

[0013] In developmental biology, many drosophilas (Drosphila) are used as the subjects of an 
experiment. It is [ several ] reasonable although many drosophilas are used in this field. Since 
drosophila grows up to be an adult early more as one of them compared with other living things, it 
may be able to experiment in a more frequent cycle. Therefore, also in the gestalt of operation of this 
invention, this drosophila shall be used as a model of simulation. Specifically, let formation of the 
ommatidium of drosophila, and formation of a leg (guide peg) be objects. 
[0014] First, formation of the guide peg of drosophila is explained below. 

[0015] Drawing 2 is drawing showing the life cycle of drosophila. Drosophila performs four self- 
renewals (molt) among life spans. First, since it grows from a germ (embryo) to a larva (1st instar) 
the 1st age and becomes a larva (2nd instar) the 2nd age, drosophila performs the first self-renewal. 
Then, it becomes a chrysalis (pupa) by performing the 2nd self-renewal, since it becomes a larva 
(3rd instar) from a larva the 3rd age the 2nd age, and performing the 3rd self-renewal. And when 
becoming an imago from a chrysalis, it is transformed from the last. In each self-renewal, if an old 
epidermal cell separates from new epidermis, exuvial fluid is secreted by those clearances and it 
flows. And an old epidermal cell is destroyed by work of the enzyme contained in this exuvial fluid. 
[0016] As an envelope of drosophila, there are epidermis (EPIDERUMISU) (epidermis) and 
epidermis (cuticle) (cuticle) currently formed in the inside. In the embryogenesis of drosophila, the 
precursor (precursor) used as epidermis of an imago is determined from the matter with which a 
germ corresponds, and separates. The matter used as the predetermined part of this imago is called 
Imaginal Disc (imaginal disk). In the transformation to an imago from a larva, Imaginal Disc and 
abdominal histoblast (abdomen organization proto-cell blow hole) pass through the process of a 
remarkable change. This Imaginal Disc forms the envelope structure of a head, a thorax, and an 
external reproductive organ etc. Imaginal Disc appears in the part from which epidermis of a germ 
carries out invagination and serves as a batch of anterior part and a posterior part, and becomes large 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/19/2006 



JP,2000-163398,A [DETAILED DESCRIPTION] 



Page 3 of 9 



one by one by performing cell division between development of a larva. For example, 
morphogenesis of Imaginal Disc, such as expanding of an appendage and formation of epidermis of 
a thorax, is performed in the state of a chrysalis. 

[0017] Ten kinds of main Imaginal Disc exists in drosophila. Drawing 3 shows arrangement of 
Imaginal Disc in a larva, and the part of the imago corresponding to each. These disks reproduce 
genital disc (reproduction board) which forms reproduction structure with a perfect imago (except 
for an abdomen). However, abdominal epidermis is formed of the imago cell population called the 
organization proto-cell (histoblast) which exists in the field corresponding to the digestive organs of 
a larva. The blow hole of other organization proto-cells which exist in the inside of the body of a 
larva forms the organ of an imago in the living body. 

[0018] Imaginal Disc can be checked as local thickness of epidermis of the larva which newly 
hatched. The cell of 70, 38, 20, 36, or 45 and 64 is contained in each board of the eye (compound 
eye) and antenna which newly [ drosophila ] hatched, feather, a haltere, a guide peg, and a 
reproductive organ, respectively. Imaginal Disc is quickly divided by fixed time amount. These 
constitute the tubing-like epithelium, changing a form into a spiral small thing as a cell increases 
rapidly. The largest thing is wing disc (bird board) among Imaginal Disc, and this is holding 60,000 
cells to leg disc (****) and haltere(haltere) disc having 10,000 cells. 

[0019] Although the product (protein) of the gene called homeobox carries out the gene expression 
called Distal-less and the work which controls construction of the pattern of a guide peg in almost all 
the parts used as the segment of drosophila, formation of a guide peg only of the part corresponding 
to the thorax of the segments is enabled. 

[0020] Drawing 4 shows arrangement of wing disc in the germ (anaphase) of drosophila, leg disc, 
and haltere disc. In this example, each Imaginal Disc is arranged at the part used as the segment of a 
thorax. In addition, Tl, T2, and T3 show leg disc corresponding to three legs of the left-hand side of 
the six legs of drosophila. In this drawing, although the left lateral of a germ is shown, wing disc, leg 
disc, and haltere disc shall be arranged symmetrically also at the right lateral. 

[0021] Thus, the appendage official of drosophila progresses from Imaginal Disc. Although Imaginal 
Disc is constituted by anterior part and the posterior part, the cell of anterior part and the hind cell 
are constituted according to the individual, respectively. The anterior part cell of Imaginal Disc 
makes engrailed it is prescribed that secretes hedgehog as a signal molecule (signaling molecule) to 
other cells discover continuously while encoding the protein of homeodomain. 

[0022] Drawing 5 shows the detailed configuration of leg disc, legdisc shown in the left-hand side of 
this drawing is almost circular investing tissues, and metamorphoses into the guide peg as shown in 
the right-hand side of drawing in the transformation to an imago from a larva. The core of leg disc is 
a part used as the end (Distal) of a guide peg. Moreover, a profile part serves as a foundation of a 
guide peg. Thus, a guide peg is formed when leg disc of the circle configuration centering on the part 
used as the end of a guide peg carries out sequential expanding. Drawing 6 shows the situation. 
[0023] It is said that expanding of Imaginal Disc is the causes with the main formation of a form 
status change of the cell produced in the covering in-house of disc. The early cell of leg disc [ in / the 
3rd age / a larva ] is compressed strongly. This compression condition is maintained between the cell 
division of abundance. And if the organization begins to be elongated, the compression condition is 
lost, a cell will be released from the condition of having become round and the extroversion will be 
started. 

[0024] In leg disc of drosophila, various genes are discovered. Drawing 7 shows the table of these 
genes. In this example, the location (Cellular location) where it exists is matched with that 
abbreviated name (Symbol) to each gene (Gene), respectively. These cells can mainly be divided 
roughly into three, the gene (Transcription factors) which causes an imprint of a gene in intracellular, 
the gene (Ligands) in connection with transfer of the signal between cells, and other genes (Other). 
In addition, in Cellular location, it is shown that it is shown that nuclear exists in the interior of a 
nucleus, and it is shown that secreted is secreted from a cell, and extracellular and cytoplasmic exists 
in cytoplasm. 

[0025] Drawing 8 shows the example of each gene expression pattern in leg disc. In addition, as 
shown under this drawing, in leg disc, the anterior part (anterior)-posterior part (Posterior) shaft and 
the abdomen (ventral)-regions-of-back (dorsal) shaft are defined. In this example, the gene called 
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engrailed and the gene called cubitus Interruptus are discovered to the early posterior part ( drawing 
8 (a)) and the anterior part ( drawing 8 (b)) of leg disc of a germ, respectively. While a larva grows, 
as the gene called hedgehog shows drawing 8 (c), it is discovered at the posterior part of legdisc, and 
the protein of hedgehog reacts each other with the cell of anterior part. As the gene called 
decapentaplegic is shown in drawing 8 (d), the gene which appears in the field of leg disc in back, 
and is called wingless appears in an abdominal field, as shown in drawing 8 (h). As it decreases in 
connection with cell division, instead is shown in drawing 8 (g), the gene called escargot to the field 
of the profile of leg disc discovers the gene ( drawing 8 (f)) called Distal-less which appears in the 
core of leg disc of the grown-up germ. And the gene called dachshund in the field inserted into 
Distal-less and escargot is discovered ( drawing 8 (e)). 

[0026] Behind, cubitus Interruptus is controlled by the manifestation of engrailed, although it can be 
discovered by the anterior part of Imaginal Disc. As a result, Imaginal Disc will be divided into two 
fields, anterior part and a posterior part. Activation of engrailed is produced in formation and 
coincidence of the specific joint relation between an anterior part cell and a posterior part cell. This 
is made as [ prevent / mixing of the cell population of anterior part and a posterior part ]. cubitus 
Interruptus has specified the protein of Zn- finger which is a gene belonging to the "Gli group" who 
becomes the element of an imprint of a gene. 

[0027] The 3rd age, in leg disc in a larva, wingless is discovered to abdominal anterior part approach 
at a wedge mold, when appearing in the shape of a stripe in the location where decapentaplegic 
adjoined the boundary of the anterior part of leg disc, and a posterior part. Moreover, in an 
abdominal field, a manifestation can weaken decapentaplegic by wingless, wingless and 
decapentaplegic act mutually in a certain specific organization. For example, the signal of wingless 
controls the manifestation of decapentaplegic in leg disc, and the signal of decapentaplegic controls 
the manifestation of wingless. Thereby, leg disc is divided into the field of regions of back and an 
abdomen, and can make an abdomen-regions-of-back shaft required to generate the chiral attached 
section (chiral appendage). 

[0028] In growth of the feather of drosophila, two criteria (criteria) are used in order to define 
wingless and decapentaplegic as a concentration dependence morphological morphogenetic 
substance. Directly, these are long-distance range, acted on the gene used as a target, and have 
specified the manifestation. Moreover, these express the spatial field of gene expression clearly with 
a threshold different, respectively. 

[0029] T. Lecuit and S.M.Cohen showed wingless within the anterior part-posterior part shaft pattern 
which meets both the criteria in Imaginal Disc, and the binding action of decapentaplegic. In order to 
show the growth result which changes with each cells in accordance with the anterior part-posterior 
part shaft of leg disc, wingless and decapentaplegic in a condition on the level on both operations 
will act on coincidence. 

[0030] Drawing 9 is drawing showing the role of wingless in the regions-of-back-abdomen shaft of 
leg disc, and a posterior part-regions-of-back shaft, and decapentaplegic. In this drawing, the 
manifestations of wingless and decapentaplegic are a black part and the part of thin gray, 
respectively. As shown in drawing 9 (a), the manifestation of wingless and Distal-less depending on 
the positive reaction (forward reaction) of decapentaplegic is produced in the field (a part for the 
core of leg disc) in which these overlap. These fields appear in the 2nd ****** when leg disc is 
small. Drawing 9 (b) shows the hypothetical gene expression pattern by which activity is carried out 
only to wingless with the same Threshold value as Distal-less (part of deep gray). This is discovered 
at both anterior part and a posterior part. Drawing 9 (c) is activated by wingless and the situation of 
the gene expression called HistonelS controlled by decapentaplegic is shown (part of deep gray). 
[0031] leg disc of actual drosophila has about 20 cells at first, and these cells carry out sequential 
fission and become 10,000 or more pieces soon. In this simulation, leg disc is defined as follows. 

(1) The 3rd age, although leg disc in a larva of actual drosophila has about 10,000 cells, it fixes this 
number to 1261 pieces. 

(2) Although the cell of actual leg disc is divided, except the concept in this simulation. 

[0032] Moreover, in this simulation (also in formation of the eye of the below-mentioned drosophila, 
it contains), as shown in drawing 10 , the configuration of a cell shall be made into six square shapes, 
and the thickness shall not be taken into consideration. By this, one cell will adjoin a total of six cells 
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on the same flat surface. 

[0033] Furthermore, although the gene of a different class is discovered from the same nucleus, a 
convention of this gene expression can be expressed in the following four steps. 
(1) or which gene of a nucleus is imprinted by RNA (Ribonucleic Acid) — (2) or which RNA of the 
RNA imprinted from the gene of a nucleus advances into cytoplasm as mRNA (messenger RNA) — 
(3) which mRNA of the mRNA(s) of cytoplasm ~ protein --**-- or it translates — (4) [or [ that 
which protein remains or acts on intracellular ] — 0034] The imprint (Transcription) of a gene is 
greatly concerned with the concentration of the protein leading to an imprint. Moreover, each protein 
has the bonding strength (affinity) to the promoter (promoter) who is the regulatory region of an 
imprint of a gene, respectively. The protein which has stronger bonding strength can be easily 
connected by promoter of a gene. On the contrary, when the bonding strength is weak, the protein 
stops being connected with promoter of a gene easily. And when predetermined protein is connected 
with promoter of a predetermined gene, the gene expression is activated or controlled. 
[0035] Here, the protein which serves to control an activator (activator) and gene expression for the 
protein which serves to stimulate gene expression (activated) is called a replacer (repressor) (or 
inhibitor (inhibitor)). Now, as shown in drawing 1 1 , probability P (a) which Protein a will combine 
with promoter of Gene X to the predetermined gene X (geneX) if Protein a (protein a) shall be 
activator and Protein b (protein b) shall be repressor can be expressed with the following formulas. 
[Equation 1] 



[0036] In the formula (1), Ua and Ub show the concentration of the protein a in the location which 
approached promoter most, and Protein b, respectively, and affinitya and affinityb show the bonding 
strength of Protein a and Protein b, respectively. 

[0037] moreover, binding fraction [ of Protein a ] P (a) the case where it is drawing 1 1 — produces 
the manifestation of Gene X, when the binding fraction P of activator which is the protein to which 
the gene expression is urged (activator) becomes beyond a specific threshold (ThresholdgeneX). 
That is, this can be expressed with the following formulas. 
P(activator) >=ThresholdgeneX ... (2) 

[0038] What is depended on phosphorylation (phosphorylation) can be mentioned as a mechanism of 
others of an imprint of a gene. For example, when the protein leading to an imprint is in an inactive 
condition, the protein of the inactive condition is activated by phosphorylation. Thereby, the 
activated protein is combinable with a series of DNA of a nucleus. 

[0039] The translation (Translation) of mRNA is important and it is widely used as a mechanism 
which specifies the gene expression in living body generating. A translation can be used for 
activation of predetermined mRNA (exsting mRNA) in predetermined time of day, a convention of a 
ratio when mRNA competes, etc. In this simulation, mRNA is translated automatically. 
[0040] A program for CPU1 1 to perform this simulation is roughly divided, and is constituted by 
two systems. The 1st program (a computing system is called hereafter) is a program which performs 
count which shows a proteinic reaction and diffusion, and the 2nd program (a visualization system is 
called hereafter) is for visualizing the result calculated by the 1st program (it displaying on a monitor 
17). These are constituted according to the individual, respectively and are performed by CPU1 1. 
[0041] Drawing 12 is the functional block diagram showing the functional example of a 
configuration of a computing system. The computing system is constituted by the KURASHI fire 
system layer (Classifier System Layer) 101 which calculates the reaction between Factor(s) (protein) 
in each intracellular one, the interaction layer (Interaction Layer) 102 which calculates the 
interaction between the adjoining cells, and the diffusion layer 103 which calculates proteinic 
diffusion. The increase 101 of a KURASHI fire system is constituted by the KURASHI fire system 
corresponding to each cell, and is made as [ operate / to that each KURASHI fire system is 
independent and coincidence ]. The list of the protein which each has is assigned to each KURASHI 
fire system. 

[0042] The KURASHI fire system layer 101 calculates the reaction (namely, an imprint and a 
translation) of Factor in intracellular, and registers into a list the protein generated by this. A 
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diffusion layer 103 reads the data of the protein described by the most significant of the list of the 
protein currently assigned to each KURASHI fire system of the KURASHI fire system layer 101, 
and when it is the thing of the attribute which the data of the read protein secrete, it calculates the 
diffusing capacity. 

[0043] The protein secreted from a cell is a signal molecule which reacts with the protein of other 
cells over a long distance. A diffusion layer 103 calculates diffusion of the protein secreted from a 
cell using the following formulas. 
[Equation 2] 

adjacent 

Ucurrent 88 * Z DX(Uadjaoent-U current) (3) 

[0044] In the formula (3), Ucurrent and Uadjacent show the concentration value of the protein of the 
cell which secretes it, and the concentration value of the protein of a contiguity cell, respectively. D 
shows the diffusion coefficient. 

[0045] The interaction layer 102 calculates the reaction between the adjoining cells. Count of the 
reaction and diffusion in a computing system is continuously performed even to the protein of the 
last registered into the list of each KURASHI fire systems (each cell). 

[0046] In addition, in this simulation, 10% of the amount of the generated protein is made as 
[ decrease / to per unit time amount / compulsorily ]. If this is taken into consideration, concentration 
change of the unit time amount of the generated protein can be expressed with the following 
formula. Concentration change of proteinic unit time amount = reaction + diffusion + attenuation 
between protein ... (4) 

[0047] Concentration change of the unit time amount of this protein is displayed on a monitor 17 by 
the visualization system. Thereby, a user can observe change of the amount of the protein for every 
fixed time of day. 

[0048] Drawing 13 shows the table showing the interrelation of each gene. In this drawing, it is 
shown what kind of work the protein of five genes shown perpendicularly carries out to seven gene 
expression shown horizontally. In this example, it is shown that the notation of + activates the target 
gene expression, and it is shown that the notation of - controls the target gene expression. For 
example, although wingless (wg) works as activator to Distal-less (dll) and Histonel5 (HI 5), 
working as repressor is shown to decapentaplegic (dpp). 

[0049] The KURASHI fire system layer 101 calculates the grand total of the concentration of the 
protein obtained through the process of the imprint of a gene, and a translation. The formula (1) 
mentioned above and (2) are used for count at this time. 

[0050] A visualization system displays progress of simulation, and a result on a monitor 17. In order 
to enable it to judge visually which protein discovers concentration distribution in which location, a 
different color is assigned to the protein of each gene. Drawing 14 shows an example of the 
assignment of a color to each gene of leg disc. In this example, either of the four colors, green 
(green), blue (blue), red (red), or yellow (yellow), is assigned to the protein of each gene. This leg 
disc is observable from various views. 

[0051] As mentioned above, the gene expression pattern in leg disc of drosophila is observed, and 
the thing of it can be carried out. 

[0052] Next, the simulation of the pattern formation of the compound eye of drosophila is explained 
as a gestalt of operation of the 2nd of this invention. 

[0053] The retina of drosophila is formed from hundreds of "ommatidiums" in which each contains 
eight light receiving organ neurone. Each ommatidium is equipped with eight photoreceptor cells 
(Rl, R2, R3, R4, R5, R6, R7, R8) which have the rod-like structure called rhabdomere which serves 
to pick up light, respectively. Development of almost all the ommatidium cell is due to the inductive 
reaction between the cells which adjoined. 

[0054] The compound eye of drosophila is formed when eye-antennal disc progresses, eye-antennal 
disc itself is produced from about 20 cells used as the germ of the eye in the blastoderm in early 
stages of drosophila. eye-antennal disc is the 12th step of growth, and is formed of the invagination 
which makes the even sac of the epithelial tissue. And by the larva, eye-antennal disc has about 
2,000 cells the 3rd age. 

[0055] The 3rd age, in the phase in the middle of a larva, as shown in drawing 15 , the muscle called 
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• Morphogenetic Furrow applied back [ abdomen-] advances so that it may sweep from the posterior 

part of eye-antennal disc to anterior part. In the part of this Morphogenetic Furrow, it is made as 
[ progress / by the reaction with other cells / each photoreceptor cells ]. That is, as shown in drawing, 
in eye-antennal disc, passage of Morphogenetic Furrow forms an ommatidium behind that. 
[0056] Drawing 16 shows the situation of differentiation of the photoreceptor cells in an 
ommatidium. As shown in this drawing, sequential differentiation of the pair of 3 sets of cells, 
R2:R5, R3:R4, and Rl :R6, is carried out. In connection with this, the cell of four spindle forms of 
R7 and the perimeter of those specializes. And a chromocyte is formed after chrysalis-izing and the 
excess cell is eliminated by the suicide cell (apoptosis). 

[0057] Since the light receiving organ neurone of a cell R8 is the first differentiation cell type in a 
nerve epithelium (neuroepithelium), it will be produced according to the mechanism different from 
other cells. The cell from which the mutation of the gene of the class from which some differed 
serves as a candidate of many cells R8 in one ommatidium is made to increase, among those a cell 
R8 appears from a larger ensemble. Drawing 17 shows the situation at this time. Thereby, only one 
cell R8 in each ommatidium is formed. 

[0058] Thus, at first, as the ensemble of an equal cell is shown in drawing 18 , a specific cell or a 
specific cell population is mutually selected by control of the adjoining cell out of the cell 
surrounding a perimeter. In this drawing, what was applied in deep gray shows the selected cell. 
[0059] Also in formation of a compound eye, very much gene expression follows like the case of 
formation of the guide peg of drosophila. Drawing 19 shows the interrelation of the gene in 
connection with development of the eye of drosophila. In this drawing, if two predetermined genes 
are set to A and B, on the other hand, the notation of A->B shows an activating [ the protein of Gene 
A ]-the imprint of Gene B example, and that the protein of Gene A is hereditary and the notation of 
A-xB controls the imprint of B. Drawing 20 swerves and indicates the table of the location 
corresponding to ** to be a list of genes in connection with ommatidium formation. The data about 
these genes are implemented in the gestalt of this operation. 

[0060] Drawing 21 shows the example of a configuration of the computing system in the case of 
performing simulation of compound eye formation of drosophila, and has given the same sign to 
drawing 12 and a corresponding part, and the explanation is omitted suitably. In this simulation, in 
order to take notice of formation of one ommatidium, the cell treated here turns into a total of eight 
cells of Rl thru/or R8. In addition, of course, it is also possible to treat the cell of the number of 
arbitration other than this. 

[0061] In this example, it is constituted by eight KURASHI fire systems 111-1 respectively 
corresponding to eight cells Rl of an ommatidium thru/or R8 in the KURASHI fire system layer 101 
thru/or 111-8, and these perform convention-related (the Ruhr is called hereafter) simulation of the 
intracellular gene corresponding to each (in addition, these KURASHI fire systems operate to 
coincidence). In the KURASHI fire system layer 101, the reaction between the contiguity cells in the 
interaction layer 102 or the reaction by diffusion of the protein in a diffusion layer 103 is reflected in 
the Ruhr of each KURASHI fire system as a message from an environment. 

[0062] Drawing 22 shows each example of the KURASHI fire structure of a system. The KURASHI 
fire system is constituted in this example by a condition **** condition part and the operation 
section specified by the condition part. The condition part is constituted by Factor ID (Factor ID) and 
its concentration threshold (Threshold) for identifying a factor (specifically protein). Factor ID is an 
identifier for identifying the specific protein generated by imprinting a predetermined gene, and a 
concentration threshold is a threshold of the concentration of the protein. And it is specified whether 
based on these two conditions, Factor3 shown in the operation section is discovered. 
[0063] Drawing 23 shows the example of the Ruhr of a KURASHI fire system. In this example, 
when the concentration of Factor A generated from Gene A and Gene B, respectively and FactorB is 
0.5 or more thresholds, it is shown that the imprint of Gene C is activated. This Ruhr can be 
expressed as follows. 
CS1: A 0.5, B 0.5 -> CA ... (5) 

[0064] In addition, CS1 in (5) types is a regulation identifier for identifying the Ruhr. In this 
simulation, while it is determined that gene expression generates the protein of a constant rate, the 
effect of cells on others, such as a reaction between diffusion, attenuation, or a cell, exists. 
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[0065] The message from an environment (the interaction layer 102 or diffusion layer 103) is 
arranged on a message list, a condition compares with a message list, and is carried out, and it is 
confirmed [ of each KURASHI fire system of the KURASHI fire system layer 101 ] immediately, 
respectively whether fill the message (at least one). The KURASHI fire system which fills a message 
is in rivalry, and what defeated contention in it describes a message to a message list. All the 
messages assigned to the effector (protein) are performed (in the Ruhr set up by the message, gene 
imprint, translation, and proteinic diffusion are performed). All the messages on the message list 
from a former cycle are eliminated. That is, if the message from an environment continues and it is 
not arranged at a message list, only only 1 time of a cycle will be performed. 

[0066] As for the signal transduction between cells, the ligand (ligand) of a transmitting-side cell and 
the receptor (receptor) of a receiving-side cell are concerned. In the interaction layer 102, while 
ligand, the amount of the receptor, and a location are calculated, respectively, the reinforcement of 
the signal transduction between cells is calculated corresponding to these. The signal transduction 
between cells is the concentration value of the protein which affects the lower stream of a river 
(convention between the genes of the bottom in this drawing) of the interrelation of the gene shown 
by drawing 19 . The interaction layer 102 arranges as a message the value which shows the 
interaction between cells to the message list of the KURASHI fire system layer 101. 
[0067] By the way, in order to simulate the interaction between cells correctly, it is required the 
configuration of a cell and to simulate topology correctly. The configuration of a cell is not the same 
although the topology of the cell of the ommatidium of actual drosophila is defined strictly. 
Moreover, between the processes of the morphogenesis (compound eye formation), cell division will 
arise and the configuration of a cell will change. Therefore, in this simulation, in order to simulate 
the configuration and topology of a cell, a Voronoi Fig. shall be used. 

[0068] A diffusion layer 103 performs simulation of diffusion of the protein as a paracrine signal 
molecule. Here, the following formulas are used as a formula of diffusion. In addition, in the formula 
(6), Ui shows the concentration of Protein i and Di shows the diffusion coefficient of Protein i. 
[Equation 3] 

9Ui_ Dj J!"L ---(6) 



8t ^ ax* 

[0069] In this simulation, in order to reproduce each gene expression pattern that there is no conflict 
in actual data (sample data), the threshold (Ruhr) of each gene is set up according to the flow chart of 
drawing 24 . First, in step S2 1 , the least- squares error between the concentration of the sample 
pattern in the end of time of day t and the concentration of a simulation pattern is calculated for 
every gene according to the following formulas. In addition, in the formula (7), C(i, t) sample shows 
the concentration of the protein of the gene i in the time of day t of a sample pattern, and C(i, t) 
simulation shows the concentration of the protein of the gene i in the time of day t of simulation. 
[Equation 4] 

DHft= 2 (C(i f t)sarnple-C(l,t) simu iation) 2 -"-{7) 
jegenes 

[0070] It progresses to step S22 and the error (Difft) in time of day t is compared with the error 
(Difft-1) in time of day t-1 . In step S23, when it is judged whether the error in time of day t is larger 
than the error in time of day t-1 and it judges that the direction of the error in time of day t-1 is larger 
than the error in time of day t (Difft-1 >=Difft), processing is ended. On the other hand, when judged 
with it being (Difft- l<Difft) in step S23, the reinforcement of the present Ruhr is updated. 
[0071] Thus, it is made as [ reinforce / so that it may become the suitable Ruhr / for every time 
amount, / a KURASHI fire system ]. 

[0072] This simulation operates on condition that the following. 

(1) Set up the early Ruhr and set initial value of the reinforcement to 100. 

(2) Perform to 150 steps (time of day) according to the Ruhr. 

(3) In each step, in order to strengthen the threshold of each factor, perform processing explained in 
drawing 24 . 

[0073] Drawing 25 shows the example of a display of the image as a result of the above simulation. 
In this example, drawing 25 (A) shows the manifestation of atonal in an ommatidium, and drawing 
25 (B) shows the manifestation of rough. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/19/2006 



JP,2000-163398,A [DETAILED DESCRIPTION] 



Page 9 of 9 



[0074] Drawing 26 shows the situation of the atonal gene expression for every step in a cell R8 and a 
cell R2, and drawing 27 shows the situation of a manifestation of rough similarly. Both show the 
result of an average of the inside which performed simulation 10 times. A change of the Ruhr of a 
cell R8 and a cell R2 on the strength is shown in drawing 28 and drawing 29 , respectively. Both, the 
Ruhr 1 thru/or the reinforcement for every step of 40 are shown, and the convention relation to a 
radical of each gene shown in drawing 19 has become. 

[0075] As shown in drawing 27 , in a cell R8 and a cell R2, it turns out that the protein of rough has 
arisen immediately after initiation of simulation. However, by the data of actual biology, rough is not 
discovered into a cell R8, but time amount is discovered [ in / a few / a cell R2 ]. These differences 
are because the Ruhr which shows the interaction between atonal and rough partially was used in this 
simulation. The Ruhr to this rough is defined as follows first. if(atonal is expressed)then activate 
(rough) 

[0076] That is, it is defined as the protein of atonal activating the manifestation of rough. In this 
Ruhr, both the activity of rough which exists in intracellular [ as atonal / same ], or the activity of 
adjoining intracellular rough is taken into consideration. In this simulation, since this Ruhr is used, 
rough is discovered into both a cell R8 and the cell R2. 

[0077] However, as mentioned above, by actual data, rough is not discovered in a cell R8. Then, the 
mechanism of the interaction between a cell R8 and a cell R2 can be predicted. For example, as 
shown in drawing 30 , rough which exists in intracellular [ with same atonal ] can consider activating 
only adjoining intracellular rough, without being activated. 

[0078] As a result of the simulation at the time of taking this into consideration, the situation of the 
manifestation of the situation of a manifestation of atonal in a cell R8 and a cell R2 of rough to 
drawing 3 1 is shown in drawing 32 . In this case, into a cell R8, rough was not discovered like actual 
data. 

[0079] In addition, although early embryogenesis of drosophila was targetted above, applying also to 
other living things is possible. 

[0080] Moreover, as an offer medium which provides a user with the computer program which 
makes an information processor perform each above processing, communication media, such as a 
network besides record media, such as a magnetic disk, CD-ROM, and solid-state memory, and a 
satellite, can be used. 
[0081] 

[Effect of the Invention] As mentioned above, according to an information processor according to 
claim 1, the information processing approach according to claim 3, and the offer medium according 
to claim 4, since it was made to perform simulation of an intracellular reaction, simulation of the 
reaction between cells, and simulation of diffusion, an intuitive understanding of formation a living 
body's organ can be made easy. 



[Translation done.] 
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